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Methicillin-resistant Staphylococcus aureus (MRSA) has been one of the most
important antibiotic-resistant pathogen in many parts of the world over the past
decades. This cross-sectional study was conducted to investigate MRSA isolated
between July 2013 and July 2014 in Karaj, Iran. All tested isolates were collected in
teaching hospitals from personnel, patients, and surfaces and each MRSA was
analyzed by SCCmec and spa typing. Antibiotic susceptibility testing was accom-
plished by disk diffusion method. Out of 49 MRSA isolates from the Karaj’s teaching
hospitals, 82%, 10%, and 6% of the isolates were SCCmec types III, II, and I,
respectively. The main spa type in this study was spa t030 with frequency as high as
75.5% from intensive care unit (ICU) of the hospitals and high rate of resistance to
rifampicin (53%) was found in MRSA isolates. In conclusion, high frequency of spa
t030 with SCCmec type III and MRSA phenotype illustrated circulating of one of the
antibiotic-resistant strains in ICU of Karaj’s teaching hospitals and emphasizes the
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need for ongoing molecular surveillance, antibiotic susceptibility monitoring, and
infection control.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) continues to be as one
of the most important antibiotic-resistant pathogens in many parts of the world
over the past decades [1]. The proportion of MRSA among S. aureus isolates is
between 52.7% and 93.3% in different regions of Iran and recent data show the
increasing rate of these strains [2–5]. Acquiring the staphylococcal cassette
chromosome mec (SCCmec) element with two essential components, the ccr
gene complex (ccr) and the mec gene complex (mec) harboring the mecA gene by
bacterium causes MRSA [6]. The mecA and mecC genes encode a modiﬁed
penicillin-binding protein (PBP) designated PBP 2a that confers methicillin
resistance in Staphylococci and treating and managing of the infections caused
by these organisms are more difﬁcult [7, 8].
Molecular epidemiological methods have been used for the continuous
surveillance on MRSA clones, dissemination of the strains in hospital settings,
and comparing the worldwide diverse evolutionary trajectories of MRSA
lineages [1, 7]. Results of many molecular epidemiological studies in different
regions of the world like Iran showed that high frequency of MRSA in health-
care settings is caused by a limited number of predominant clones [4, 6]. DNA
sequence-based or PCR-based methods like S. aureus protein A (spa) and
SCCmec typing methods have become more popular than pulsed ﬁeld gel
electrophoresis (PFGE) for genotyping of S. aureus over the past years. These
simple and cost-effective methods are considered as molecular epidemiological
methods with high discriminatory power [7]. In the case of spa typing, a single-
locus sequence-based typing technique that have been used for detection of
polymorphisms at the 24-bp variable number tandem repeat within the 3 coding
regions X of the spa gene [9]. Sequence analysis of the polymorphic region X of
the spa gene of S. aureus can be used for molecular evolution of MRSA and
hospital outbreaks. In comparison to the other typing methods like PFGE, this
method is less expensive, less laborious and less time-consuming [10]. For
detection of nosocomial infections, SCCmec typing is a suitable and reliable
method [7]. SCCmec elements have been classiﬁed into 11 major types (I–XI).
Types I, II, and III are known as predominant hospital-acquired types, whereas
types IV and V have been more frequently associated with community-acquired
MRSA (CA-MRSA) [11].
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To the best of our knowledge, there is not any report about genotypic
diversity and common clones of S. aureus isolates from Karaj, a large suburb of
Tehran, Iran. Therefore, this study was conducted to ﬁnd the common types of
S. aureus strains circulating in this part of the country by spa and SCCmec typing
methods.
Materials and Methods
Collection and identiﬁcation of bacterial isolates
The cross-sectional study was conducted in Karaj on three teaching
hospitals from July 2013 to July 2014. Sampling from personnel and surfaces
of the hospitals was done twice and monthly, respectively during the study.
Specimens were collected by swabbing of both nostrils of the personnel and
hospital surfaces; all samples were cultured on Brain–Heart Infusion media.
Hospitals’ departments included in the study were emergency, burns, intensive
care unit (ICU), surgery, neonates, children, dialysis, and internal. The isolates
were cultured on sheep blood agar and mannitol salt agar media and conven-
tional biochemical tests including catalase, tube coagulase, mannitol fermenta-
tion, and DNase were used for identiﬁcation of the isolates [12]. All S. aureus
isolates isolated from patients were also included in the study. The ethical
statement of the project was approved by research vice-chancellor of the Alborz
University of Medical Sciences.
Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed according to the Clinical
and Laboratory Standards Institute (CLSI) guideline by standard disk diffusion
method. Antibiotics tested were: cefoxitin (30 μg), tigecycline (15 μg), vancomy-
cin (30 μg), linezolid (30 μg), synercid (quinupristin/dalfopristin) (15 μg), mupir-
ocin (20 μg), teicoplanin (30 μg), and rifampicin (5 μg) (Mast, UK). S. aureus
ATCC 25923 was used as control strain.
DNA extraction and identiﬁcation of MRSA isolates
Boiling method was used for DNA extraction of S. aureus colonies [4, 13].
For conﬁrmation of S. aureus, PCR ampliﬁcation of S. aureus-speciﬁc nuclease
(nucA) gene was performed as described previously [14]. Moreover, all isolates
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were subjected to the mecA- and mupA-speciﬁc PCR for identiﬁcation of MRSA
and high-level mupirocin-resistant isolates [15, 16].
SCCmec typing
SCCmec typing was performed using the method described previously [4].
The MRSA isolates were subjected to the SCCmec-PCRwith ﬁnal volume of 25 μl
containing 12.5 μl Master mix (Ampliqon, Odense, Denmark), 20 ρmol of each
primer, and 5 μl of DNA template. Ampliﬁcation was carried out in a thermal
cycler (Eppendorf, Hamburg, Germany) using the following conditions: 1 cycle of
94 °C for 4 min, followed by 35 cycles of denaturation at 94 °C for 45 s, annealing
at 60 °C (SCCmec types I, II, III, and V) or 60.5 °C (SCCmec subtypes IVa, IVb,
IVc, and IVd) for 45 s, extension at 72 °C for 1 min and was followed by a ﬁnal
extension at 72 °C for 10 min. The PCR products (3 μl) were run on 1.5% agarose
gel and stained with SYBR DNA Safe stain. Electrophoresis was performed in
0.5× TBE for 90 min at 110 mV.
spa typing
According to the method described before, the X region of the spa gene
(contains variable numbers of 21- to 27-bp repeats) was ampliﬁed [17]. In brief,
the PCR assay contained the following components per reaction: 12.5 μl of 2×
master mix, 20 ρmol of each primer, 5 μl of template, and PCR grade water
adjusted to the ﬁnal volume of 25 μl PCR condition. With the exception of
annealing temperature (55 °C), ampliﬁcation was performed in a condition similar
to that mentioned in SCCmec typing. The ampliﬁed products were sent to Bioneer
Company (South Korea) for sequencing. Analysis of DNA sequencing results was
carried out by the spa typing database for determination of repeat proﬁle and the
spa type of each isolate (http://www.spaserver.ridom.de).
Results
The results of SCCmec and spa types are shown in Tables I and II,
respectively. Out of 49 MRSA isolates from the Karaj’s teaching hospitals,
82%, 10%, and 6% of the isolates were SCCmec type III, II, and I, respectively
(Table I). The main spa type in this study was spa t030 with frequency of as high
as 75.5%, followed by spa t037 with 12.5% (Table II). As you can see in the
Table II, the main spa types (t030 and t037) were mostly isolated from the ICU of
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the hospitals. The phenotypic and genotypic characteristics of MRSA isolates
isolated from patients, personnel, and department’s surfaces of Karaj’s teaching
hospitals are shown in Tables III–V. Most of the MRSA isolates were isolated
from hospital No. 1. Most of MRSA isolates originated from ICU department
(75%) and high rate of resistance to rifampicin (53%) was found in MRSA
isolates. We did not detect mupA gene in the 10 isolates of S. aureus that
recognized low-level resistance to mupirocin by disk diffusion (data are not
shown).
Discussion
High frequency of MRSA in Iran in nosocomial and community-acquired
infections causes many concerns about increasing rate of these organisms in the
country. As we expected, there was no resistance to the effective drugs such as
Table I. Number of SCCmec types of MRSA isolates isolated from Karaj’s teaching hospitals
SCCmec types Surfaces Personnel Patients Total (%)
Type I 2 1 0 3 (6)
Type II 4 1 0 5 (10)
Type III 21 12 7 40 (82)
Non-typable 1 0 0 1 (2)
Total 28 14 7 49 (100)
Table II. Number of spa types of MRSA isolates isolated from Karaj’s teaching hospitals
spa types
Surfaces





t030 ICU (17), internal
(2), and
emergency (1)
20 11 6 T3 (33), T1 (2),
T2 (2)
37 (75.5)
t037 ICU (3), neonates
(1), and
emergency (1)
5 0 1 T3 (5), T1 (1) 6 (12.5)
t969 ICU (2) 2 0 0 T2 (2) 2 (4)
Non-typable Emergency 1 0 0 Non-typable 1 (2)
t297 0 1 0 T3 (1) 1 (2)
t5799 0 1 0 Non-typable 1 (2)
t7609 0 1 0 T3 (1) 1 (2)
Total 28 14 7 49 (100)
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tigecycline, linezolid, synercid (quinupristin/dalfopristin), teicoplanin, and van-
comycin that are in agreement with other studies from Iran [2, 13]. In contrast with
some studies [18, 19], we found high rate of resistance to rifampicin (53%) in
MRSA isolates that is in agreement with other studies [2, 20]. On the other hand,
we did not ﬁnd any resistance to mupirocin in our MRSA isolates which is in
contrast with previous study [2].
SCCmec types I, II, and III are mainly known as causatives of nosocomial
infections, whereas SCCmec types IV and V are associated with community-
acquired infections [21, 22]. The most prominent SCCmec type in this study was
SCCmec type III (82%) followed by SCCmec type II (10%) and SCCmec type I
Table III. Phenotypic and genotypic characteristics of MRSA isolates isolated from patients of Karaj’s
teaching hospitals
No Hospital Resistance pattern SCCmec spa type
1 No. 3 RP III t030
2 No. 3 – III t030
3 No. 3 RP III t030
4 No. 3 RP III t030
5 No. 1 – III t037
6 No. 1 RP III t030
7 No. 1 RP, MUP III t030
Note: RP: rifampicin, MUP: mupirocin.
Table IV. Phenotypic and genotypic characteristics of MRSA isolates isolated from personnel’s nostrils of
Karaj’s teaching hospitals
No Department Hospital Resistance pattern SCCmec spa type
1 Burns No. 1 RP III t030
2 Internal No. 1 RP III t030
3 Internal No. 1 RP III t030
4 Burns No. 1 RP III t030
5 Burns No. 1 – III t030
6 Surgery No. 2 – III t297
7 Surgery No. 2 – III t030
8 Internal No. 1 – I t030
9 Burns No. 1 RP III t7609
10 ICU No. 1 RP III t030
11 ICU No. 1 RP III t030
12 Internal No. 1 RP III t030
13 Internal No. 1 RP II t030
14 Internal No. 1 – NT t5799
Note: RP: rifampicin, NT: non-typable.
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(6%). These results showed that all of the isolates from patients, personnel, and
surfaces had hospital origin. In agreement with other studies [11], SCCmec type III
was the most frequent strain among MRSA strains. SCCmec type III has been
found to be the main type in other studies from Iran with varying ranges from 45%
to 76% [11, 21, 23, 24]. Although some studies from the east of Asia including
Taiwan, Thailand, Vietnam, India, Sri Lanka, China, and Hong Kong reported
SCCmec types II and IVc as the main types, SCCmec type III has been found to be
the most isolated type in hospital-acquired infections in this area [13].
We found six different spa types among MRSA strains. The most dominant
type was spa type t030 (75.5%), followed by spa type t037 (12.5%). According to
data provided by Ridom Spa server (http://spa.ridom.de/spa-t037.shtml), both
Table V. Phenotypic and genotypic characteristics of MRSA isolates isolated from surfaces of Karaj’s
teaching hospitals
No Source Department Hospital Resistance pattern SCCmec spa type
1 Bed ICU No. 1 – III t030
2 Suction ICU No. 1 RP III t030
3 Bed ICU No. 1 RP III t030
4 Medical trolley ICU No. 1 RP III t030
5 Medical trolley ICU No. 1 MUP III t030
6 Chair Internal No. 1 RP II t030
7 Suction ICU No. 1 RP III t030
8 Ambu bag ICU No. 1 RP III t030
9 Suction ICU No. 1 RP III t030
10 Ambu bag ICU No. 1 RP III t030
11 Suction ICU No. 1 RP III t030
12 Ambu bag ICU No. 1 RP III t030
13 Ambu bag ICU No. 1 RP II t969
14 Ambu bag ICU No. 1 RP II t969
15 Oxygen gauge Emergency No. 1 – II t030
16 Chair Neonates No. 2 – I t037
17 Suction ICU No. 1 – III t030
18 Stethoscope Internal No. 3 RP III t030
19 Door knob Emergency No. 2 – NT NT
20 Vital sign monitor ICU No. 1 – III t037
21 Computer keyboard ICU No. 2 RP I t030
22 Suction ICU No. 1 RP III t030
23 Bed ICU No. 3 MUP III t037
24 Bed ICU No. 1 – III t030
25 Computer keyboard Internal No. 1 – III t037
26 Ambu bag ICU No. 1 RP III t030
27 Computer mouse ICU No. 1 RP, MUP III t030
28 Bed ICU No. 1 – III t037
Note: RP: rifampicin, MUP: mupirocin, NT: non-typable.
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t037 and t030 spa types are commonly recognized as MRSA. Interestingly, these
genotypes were only found among MRSA isolates in this study and most of them
belonged to SCCmec type III. This is in agreement with another study from
different regions of China which reported t030 (80.1%) with SCCmec type III as
the commonest type among MRSA isolates [1]. Although previous study from
Tehran [5] reported t790 as the main spa type in ICU, the prominent spa type in
this study was t030. However, the common data in the previous studies [5, 24]
indicating spa types t030 and t037 are the most frequent strains found in the ICU
of the Tehran’s hospitals. Finding the above-mentioned strains in the ICU of
Karaj’s hospitals indicating poor hygiene and infection control strategies in the
investigated hospitals. Special antibiotic-resistant strains are becoming progres-
sively widespread in the ICU probably as a result of wide consumption of
antibiotic.
Regarding the high frequency of MRSA-SCCmec type III-spa types t030
and t037 in this study, there is a growing concern about spreading of these strains
in Iran. An investigation performed on MRSA strains in China [25] during the 15
years found that t037 was replaced by t030 spa type in the hospitals that probably
is being happened in Iran. It seems both types mostly belong to ST239-CC8 and
have been reported as the most frequent strains isolated from Iran and China [26–
31]. ST239, one of the antibiotic-resistant clones is now widely disseminated in
many Asian countries. This strain is highly associated with the staphylococcal
chromosomal cassette mec (SCCmec) type III genetic element and mainly
characterized with two spa types: t037 and t030. Since those strains were
commonly isolated from personnel of the hospitals, it seems they act as victim
and reservoir simultaneously. Other spa types that were found in this study were
t297, t969, t5799, and t7609. To the best of our knowledge and according to the
data provided by Ridom Spa server, this is the second report of t297 spa type in the
world. Previous report was from Sweden and all isolates were methicillin-
susceptible S. aureus (MSSA), whereas our isolate was MRSA. Moreover,
t969 spa type was mostly reported from Iran and all of them were MRSA except
for one strain.
In conclusion, high frequency of spa t030 with SCCmec type III and
MRSA phenotype illustrated circulating of one of the antibiotic-resistant
strains in ICU of Karaj’s teaching hospitals and emphasizes the need for
ongoing molecular surveillances. Moreover, antibiotic susceptibility monitor-
ing, effective infection control measures, and regular screening of the hospi-
tals’ surfaces and personnel in terms of MRSA isolates are other important
ﬁndings in this study. We highly recommend a survey of other hospitals in
Karaj for ﬁnding the transmission of main MRSA strains between health-care
settings in this city.
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